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C
lean industrial plants and modern workplaces are 
characteristic of a modern foundry. Sand casting is the 
most common technique used in foundry industry in China, 
as it is around the world. Foundry is often perceived as a 
workplace being dirty and environmentally unfriendly. The 
sand casting process involves the use of a furnace, metal, 
pattern, and sand mold. The metal is melted in the furnace 
and then ladled and poured into the cavity of the sand mold, 
which is formed by the pattern. The sand mold separates 
along a parting line and the solidified casting can be removed. 
Once the metal has been poured, the castings may be removed 
manually or using vibration stations that shake the refractory 
material away from the castings. Much dust can easily escape 
into the ambient air from the hood during the shakeout 
operation
 [1]. Usually, a high level of dust is generated during 
the operation, particularly sand dust 
[2-3]. Hence, the major 
issues facing the industry are to exhaust and collect the large 
Abstract: A novel hood structure has been designed for the dust control system in the foundry in order to improve 
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volumes of floating dust and to maximize cleanliness and keep 
the foundry environment healthy and safe during the shakeout 
process
 [4-6]. However, the problems relating to fugitive dust 
can never be fully resolved without understanding the air flow 
characteristics passing through the hood system. This study is 
aimed at approaching the optimal venting volume and better 
air flow distribution for the hood of the hood system. For this 
purpose, a Computational Fluid Dynamic (CFD) method is 
used for the simulation of the air flow field and dust movement 
path in the hood in order to reveal what the optimal airflow 
distribution and the venting volume are. 
1 Experimental detail
1.1 Test procedure
A camera was used in these experiments to get photographs 
of the fugitive dust from the hood when the shakeout process 
operated. This could give the qualitative results of the 
environmental pollution caused by the shakeout. Meanwhile, 
some airflow parameters relating to the hood system would 
be measured and logged, which included its structure and 
geometric dimensions, and the operational parameters, as the 
exhaust volume. 
The actual exhaust volume of the tested hood has been August 2011
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measured and calculated with the pitometer and the pitot tube 
as shown in Table 1. Here, the actual exhaust volume is 75,813 
m
3•h
-1 and the area of the opening is 39.5 m
2. Hence, the air 
flow velocity at the opening can be calculated by dividing 
the exhaust volume by the area of all openings, i.e., the front 
opening and the top opening, as shown in Fig. 1. According 
to this computation equation, the calculated average air flow 
velocity of all openings at the hood without steel cover is 0.53 
m•s
-1. When the top steel cover has been fitted, the calculated 
average velocity of the front opening can be 0.76 m•s
-1.
In addition to the computed air velocity, the study has also 
actually measured air flow velocities at three sites at the front 
opening of the conventional hood, as shown in Fig.1. The final 
air velocity of the front opening would be the average based 
on the velocity data at S1, S2 and S3.      
Table 1: Test apparatus and specification
    Apparatus                            Model    Resolution      Accuracy
1      Multi-function thermal anemometer           KANOMAX A531
[7]    0.01 m•s
-1               +/- 2% of reading or +/- 3 fpm
2  Pitometer                      Testo 512
[8]              0.01 hPa, 0.1 m•s
-1               reading × 0.5%
3  Pitot tube        L             K = 1
Fig. 1: Schematic of the sites for measuring air velocity in the hood
The structure size of the conventional hood could be 
obtained by its orthographic views as shown in Fig. 2.
Fig. 2: Orthographic views of the conventional hood
The top opening of the conventional hood was designed for 
the transportation of the used sand mould. In this way, it is 
easy for dust to escape. A steel plate was used to cover the top 
opening of the hood in order to reduce the escaping dust when 
the shakeout process is in operation. 
1.2 Test apparatus
All the apparatus used in the test procedure are listed in Table 1. 
Here, the multi-function thermal anemometer could log the air 
velocity values at the openings of the hood when the shakeout 
operation stopped. The pitometer and the pitot tube were used 
for logging the actual exhaust volume of the hood.
1.3 New hood model for the hood
This study aims to improve the performance of the hood 
system in controlling dust-polluted air. For the purpose, an 
additional outlet feature has been designed on the left of 
the hood for better controlling of the fugitive dust when the 
shakeout process operates. The newly designed hood structure 
has the same size as the conventional one, as shown in Fig. 3 
and Fig. 4.
Fig. 3: Schematic drawing of the new hoodCHINA FOUNDRY Vol.8 No.3
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1.4 CFD method
The airflow fields of the conventional hood and the newly 
designed one are analyzed by a CFD method.
Three simulation trials on the variable airflow fields for the 
case with the one-outlet hood have been performed with the 
exhaust volumes of 75,813 m
3•h
-1, 100,000 m
3•h
-1 and 150,000 
m
3•h
-1. 
In the simulation process, the starting point is to identify 
a typical structure of a hood as a reference that can be 
reproduced as a 3-Dimensional CAD SolidWorks engineering 
drawing package. There are many different sizes and designs 
available to choose but only one simple design is selected for 
the purpose of this paper, as shown in Fig. 1. The drawing 
files are then imported into the CFD software, remodeled 
into different sections and refined to generate a finite volume 
meshing. This is a critical step to precisely define the 
geometrical details of the hood structure. The domain for air 
flow is also created and the final meshing of all components 
needs to be accurate. Any errors in the drawings and flow area 
will need to be corrected. The second step is to import the files 
into the preprocessing procedure of the CFD software and 
prepare certain boundary condition data for solving the flow 
equations. Here, the boundary conditions associated with the 
flow fields need to be set up. These conditions and parameters 
may include inlet air flow velocity, outlet air flow velocity, 
outlet pressure and fluid properties. The next step is to define 
the nature of the simulated project such as 3-Dimensional, 
steady and laminar problems. The simulation process is 
preceeded by the CFD code with automatic data processing 
and the basic theory of fluid mechanics by balancing the mass 
continuity and the momentum equations in numerical form, 
thereafter, to make numerical predictions of the flow variations. 
This numerical iteration procedure needs to be monitored for 
convergence and can be recycled if the numerical errors are 
beyond an unsatisfied preset condition. The final step is the 
post processing that analyzes the output data and presents them 
in the form of a velocity vector distribution and contour plots.
In this study, the k-ε model of CFD is used. The boundary 
conditions include the applications of steady laminar 
incompressible flow, dry air at standard atmospheric pressure 
and fixed walls. The segregated solver with an implicit 
formulation is used. The residual values of all variables solved 
are monitored during the iteration procedure with mass balance 
set to less than 1.0E-6.
2 Results
2.1 The actually measured operation 
parameter of the conventional hood
The study used the multi-function thermal anemometer to 
measure the actual air flow velocity at the opening. The actual 
air flow velocity at the opening of the conventional hood 
without the top cover is about 0.45 m•h
-1. The velocity for the 
conventional hood with the top steel cover is about 0.52 m•h
-1.
2.2  The results of CFD
(a) Comparisons between variable outlet designs
CFD can simulate the air flow and pressure fields based on the 
specific boundary conditions. Figure 5 shows the air flow field 
in the conventional hood, which has a single outlet and with the 
steel cover on the top opening. The airflow contours in Fig. 5 and 
Fig. 6 are colored to show variable flow stream paths. Figure 6 
shows the air flow field in the new hood, which has two outlets 
and a steel cover on the top opening. Moreover, the turbulent 
flow field in the new hood is also simulated, as illustrated in 
Fig. 7. The contours of Fig.7 are colored to show turbulence 
intensity.
Fig. 4: Orthographic views of the new hood
Fig. 5: The airflow field of the conventional hood
  (a)  View 1  August 2011
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 (b) View 2
(b) Different venting volume
The three exhaust volumes for simulating airflow fields in the 
one-outlet hood are 75,813 m
3•h
-1, 100,000 m
3•h
-1 and 150,000 
m
3•h
-1. The simulated results of airflow field can be seen in 
Fig. 5, Fig. 8 and Fig. 9. 
The control velocity at the front opening of the conventional 
hood will increase with increasing venting volume. The results 
are listed in Table 2.
Fig. 7: The turbulent flow field of the new hood
Fig. 6: The airflow field of the new hood 
Fig. 8: The airflow field of the conventional hood 
with the venting volume of 100,000 m
-3•h
-1
Fig. 9: The airflow field of the conventional hood 
with the venting volume of 150,000 m
-3•h
-1 Fig. 10: The fugitive dust from the leakage between the   
steel cover and the top opening of the hood
Table 2: The control velocities at the front opening 
of the hood vs variable venting volumes
                      
             Sites on the front opening of the conventional hood
                  S1        S2             S1        S2          S1       S2
    
3 Discussion
3.1 The airflow velocity for controlling the 
dust-polluted air
The computed results and the actually measured results of 
the air flow velocity at the front opening are different for the 
case with the one-outlet hood. Without the steel cover, the 
average velocity derived theoretically, which is 0.53 m•h
-1, 
is higher than the actual one, which is 0.45 m•h
-1. This may 
be explained by the uneven distribution of static pressure at 
the front opening and the top opening of the hood, and the 
static pressure at the front opening may be lower than that 
at the top opening. When the steel plate cover is on the top 
opening, the calculated result and the actual result of average 
air flow velocity on the opening are 0.76 m•h
-1 and 0.52 m•h
-1, 
respectively. This also shows a difference. It can be explained 
that there may be leakage between the steel cover and the top 
opening of the hood during the actual operation.
3.2 The outlet number and venting volume
(a) Variable outlet designs
The actual exhaust volume for the conventional hood is 75,813 
m
3•h
-1. The steel plate covering the top opening may play a 
positive function in the control of the fugitive dust. Supposing 
there is no leakage between the steel cover and the top 
opening, the calculated average air flow velocity at the front 
openings is 0.76 m•h
-1. This value can meet the requirement 
Venting volume
     (m
3•h
-1) 75,813                 100,000                 150,000
Control velocity
     (m•s
-1)
    0.33  0.43          0.52        0.64         0.78     0.92CHINA FOUNDRY Vol.8 No.3
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of the Chinese standard, which is specified as 0.5 m•h
-1 to 0.7 
m•h
-1 
[9]. However, the leakage between the steel cover and 
the top opening results in a reduction in the efficiency of the 
exhaust power, which is shown in Fig. 10.
However, the leakage between the steel cover and the top 
opening is difficult to eliminate completely during actual 
operation. To deal with this, an additional outlet positioned 
on the left of the hood may contribute to enhancing the 
efficiency of the exhaust power. This can be explained by 
the results shown in Figs. 5 through 7. In Fig. 5, there are 
many vortexes in the left side of the conventional hood with a 
single outlet. Figures 6 through 7 show that the new structure 
with the second outlet can reduce those vortexes. The CFD 
results explain that the new hood system with two outlets on 
different sides can contribute to energy saving by exhausting 
less volume of dust. Hence, the optimal venting volume can 
be achieved by having two or more outlets installed at optimal 
locations on the hood.
(b) The venting volume
The results in Figs. 5, 8 and 9 show that the vortexes in the 
corners near the front opening of the one-outlet hood can be 
weakened by increasing the venting volume. The three venting 
volumes may not all meet the requirement of the specified 
velocity values for the Chinese standard. The venting volume 
of 100,000 m m
3•h
-1 can be suggested as an optimal venting 
volume since its control velocity on the front opening of the 
hood had reached 0.5 m•h
-1. Table 2 shows that 75,813  m
3•h
-1 
is too low to control the outflow from the hood and 150,000   
m
3•h
-1 is unnecessarily high and will waste rather than save 
energy.
4 Conclusions
(1) The optimal exhaust volume can be achieved through 
comprehensive consideration of the number of the outlets as 
well as their favorable locations on the hood. A good design 
of the hood with the above factors may contribute to the better 
control of velocity around the dust source and at the front 
opening so that the dust-polluted air cannot easily escape from 
the hood into the workplace in the foundry. 
(2) The new hood design with two-outlets may contribute 
to weakening the vortexes inside the hood and enhance the 
efficiency of the exhaust power. Especially, the better air flow 
distribution may enable reduction of the turbulence to achieve 
less fugitive dust airflow.
(3) The optimal venting volume can be found to provide a 
favorable control velocity at the front opening of the hood. 
This may contribute to energy saving. 
(4) The CFD numerical modeling technique applied in this 
study is proved to be very useful in initiating, further and 
more comprehensive numerical predictions relating to the 
dust-polluted air control in the hood at the flask shaker in the 
foundry.
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